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The  Department  of  Defense  Simulation-Based  Acquisition  (SBA)  initiative 
focuses  on  identifying  opportunities  to  improve  materiel  procurement  by  using 
information  technologies  to  increase  military  utility,  decrease  life  cycle  costs, 
and  decrease  the  time  to  develop  and  field  the  system.  Implementing  this 
initiative  requires  identifying  the  necessary  analysis  tools,  constructing  a 
collaborative  environment,  and  developing  a  method  to  make  timely  decisions 
based  on  the  results  of  the  analysis.  This  paper  focuses  on  the  latter  two 
components.  In  particular,  it  analyzes  the  opportunities  to  implement  the  SBA 
initiative  during  the  development  and  analysis  of  the  system’s  requirements 
trade  space.  We  present  a  methodology  for  a  holistic  approach  to  determining 
the  system’s  requirements.  This  methodology  seeks  to  use  models  and 
simulations  to  support  decisions  that  occur  throughout  the  system’s  life  cycle 
while  in  the  system’s  concept  development  phase  and  then  revisit  these 
decisions  as  the  program  matures. 


The  Department  of  Defense  Simu¬ 
lation-Based  Acquisition  (SBA) 
initiative  focuses  on  improving  the 
acquisition  process  through  the  integrated 
use  of  models  and  simulation.  Conse¬ 
quently,  acquisition  issues  concerning 
interoperability,  training,  education,  re¬ 
search  and  development,  production,  test¬ 
ing,  operation,  and  support  must  he  fac¬ 
tored  into  the  life  cycle  development  of  a 
system  from  the  origin  of  its  need  to  its 


retirement  from  the  force.  This  requires 
the  acquisition  community  to  establish 
effective  procedures  and  processes  that 
develop  systems  that  are  interoperable 
with  other  systems  and  integrated  into  our 
force  structures  and  cultures.  This  will 
maximize  system  capabilities  and  increas¬ 
ing  strategic,  operational,  and  tactical  force 
performance.  The  research  methodology 
presented  in  this  paper  provides  a  means 
of  integrating  modeling  and  simulations 
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throughout  a  system’s  acquisition  life 
cycle.  This  follows  to  the  precepts  and 
principles  of  SBA  in  the  area  of  trade  space 
analysis. 

The  Tkade  Space 


The  “trade  space”  can  he  defined  as  the 
set  of  program  and  system  parameters, 
attributes,  and  characteristics  required  to 
satisfy  performance  standards.  Decision 
makers  define  and  refine  the  developing 
system  hy  making  tradeoffs  with  regard 

to  cost,  sched¬ 
ule,  risk,  and 
performance; 
all  of  which 
fall  within  the 
systems  trade 
space.  Tradi¬ 
tional  trade 
space  method¬ 
ologies  often 
support  “stove- 
piped”  programs  that  conduct  multiple  dis- 
trihuted  hut  disparate  analyses.  These  trade 
space  studies  compare  very  specific 
courses  of  action  against  specific  criteria. 
They  consider  other  courses  of  action  only 
if  all  of  the  initial  ones  are  infeasible.  Thus, 
the  course  of  action  chosen  may  not  nec¬ 
essarily  be  the  optimal  solution  or  even  a 
more  robust  solution;  it  is  merely  the  best 
solution  out  of  the  study  set. 

However,  by  using  models  and  simula¬ 
tions  (M&S)  throughout  the  system’s  life 
cycle,  particularly  within  the  requirements 
generation  phase,  it  is  possible  to  expand 
the  number  of  feasible  alternatives  within 
the  trade  space  analysis.  In  addition,  the 
systems  approach  to  trade  space  analysis 
necessitates  the  integration  of  study  results. 


This  methodology  is  consistent  with  SBA 
initiatives,  which  envision  removing  stove¬ 
pipes  and  conducting  simultaneous,  con¬ 
tinuous  analysis  throughout  the  life  cycle 
of  a  program.  This  is  vastly  different  from 
the  sequential  trade  studies  that  relied  on 
developing  specific  courses  of  action. 
M&S  used  early  in  the  acquisition  process 
impose  fewer  limitations  on  finding  a  set 
of  alternatives  within  the  trade  space.  The 
result  is  a  more  robust  solution  space  for 
decision  makers.  This  will  allow  the  explo¬ 
ration  of  “what  if’  trade-off  scenarios  to 
more  effectively  and  efficiently  assess 
mission  performance  requirements  and 
provide  better  stewardship  of  scarce 
resources. 

The  following  sections  of  this  paper  will 
further  clarify  the  methodology.  First,  we 
present  a  case  study  of  the  traditional  trade 
space  analysis  methodology  and  then  pro¬ 
vide  a  methodology  that  will  support 
implementing  the  SBA  initiative. 

Family  of  Medium  Tactical  Vehicles 
(FMTV)  Case  Study  Analysis 

The  following  assessment  of  the  FMTV 
program  is  not  intended  as  a  critique  of 
the  program’s  analysis.  Instead,  this  sec¬ 
tion  is  included  to  provide  examples  of  the 
types  of  studies  currently  used  and  to  con¬ 
trast  them  with  the  proposed  methodology 
using  existing  M&S  tools  from  the  SBA 
perspective.  The  Tactical  Wheeled  Vehicle 
Fleet  Requirements  Study  in  (Department 
of  the  Army,  1980)  and  the  REVAL  80  study 
(Department  of  the  Army,  1984)  were  not 
specifically  conducted  for  the  FMTV  pro¬ 
gram.  More  exactly,  the  studies  were  used 
to  establish  the  continued  need  for  a 
medium  weight  cargo  vehicle  fleet. 


"The  'trade  space' 
can  be  defined  as 
the  set  el  program 
and  system  param¬ 
eters,  attributes, 
and  characteristics 
required  to  satisfy 
performance 
standards." 
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The  Family  of  Medium  Tactical  Vehicles  Ml 090  5.0  Ten  Dump 


Based  on  projected  wartime  payload 
weights  and  payload  dimensions,  these 
studies  determined  that  the  optimum  cost- 
effective  mix  of  the  tactical  wheeled 
vehicle  fleet  was  in  payload  categories  of 
1.25  ton,  2.5  ton,  5  ton,  and  10  ton  basic 
cargo  trucks.  The  Cost  and  Effectiveness 
Analysis  (COEA)  studies  in  1987  and 
1991  justified  the  FMTV  program 
(Department  of  the  Army,  1987a,  1991a). 
The  COEA  study  analyzed  three  courses 
of  action  for  improving  the  medium 
tactical  vehicle  fleet: 

1 .  Maintain  and  improve  the  current  2.5- 
ton  and  5-ton  fleet; 

2.  Switch  to  a  pure  5-ton  fleet  using 
current  force  inventory  vehicles;  and 


3.  Develop  a  2. 5 -ton  and  5 -ton  EMTV 
fleet. 

Overall  the  three  studies  compared  the 
courses  of  action  with  the  following 
operational  characteristics  criteria:  de¬ 
ployability;  reliability;  availability;  main¬ 
tainability;  spare  and  replacement  parts 
required;  trafficability;  mobility;  agility; 
fuel  economy;  and  life  cycle  costs. 
Although  the  deployability  analysis  used 
an  automated  air  load  planning  system  to 
determine  the  number  of  sorties  required 
to  deploy  light  and  heavy  divisions  with 
these  vehicles,  the  bulk  of  the  study  ana¬ 
lysis  relied  heavily  on  assumptions.  The 
maintenance  analysis  estimated  that  exist¬ 
ing  technology  would  yield  between  29 
and  49  percent  improvements.  The  life 
cycle  cost  comparisons,  within  the  three 
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studies,  showed  the  FMTV  life  cycle  cost 
was  1  percent  lower  than  the  existing  force 
structure  due  to  an  assumed  10  percent 
cost  reduction  from  parts  and  spares 
commonality.  Likewise,  the  fuel  economy 
for  the  FMTV  was  assumed  to  he  15  per¬ 
cent  better  than  our  current  fleet  of  me¬ 
dium  cargo  tactical  vehicles.  Finally,  the 
analysis  for  trafficahility,  mobility,  and 
agility,  within  the  three  studies,  was  strictly 
qualitative  in  nature. 

The  decision  to  produce  the  FMTV  led 
to  subsequent  studies  that  analyzed  spe¬ 
cific  portions 
of  the  program. 
For  instance, 
the  U.S.  Army 
Logistics  Cen¬ 
ter  conducted 
the  Family  of 
Medium  Tacti¬ 
cal  Vehicles 
Maintenance 
Manpower  Analysis  (Department  of  the 
Army,  1987b)  to  identify  maintenance 
manpower  savings.  They  incorporated 
wartime  mission  analyses;  annual  main¬ 
tenance  man-hour  estimates;  the  total 
fielding  quantities;  estimated  vehicle  pro¬ 
duction  rates;  mechanic  productive  hours; 
and  estimated  mechanic  staffing  percent¬ 
ages  of  the  authorized  strength. 

However,  the  authors  warned  that  the 
estimated  savings  are  based  on  the  doctri¬ 
nal  force  structure  and  not  on  the  existing 
force  structure.  They  also  acknowledged 
that  the  maintenance  manpower  required 
also  depends  on  factors  not  included  in 
their  study  such  as  the  vehicle  usage 
rate,  the  vehicle  location,  the  number  of 
times  the  unit  relocates,  and  the  threat 
conditions.  The  Tactical  Wheeled  Vehicle 
Modernization  Planning  (TWELVE)  Study 


(Department  of  the  Army,  1990), 
conducted  by  the  U.S.  Army  Concepts 
Analysis  Agency,  focused  on  the  produc¬ 
tion  plan  for  the  tactical  wheeled  vehicle 
fleet.  Their  integer-programming  model 
considered  fleet  age  and  technology  poli¬ 
cies,  program  resources,  purchase  lot  sizes, 
and  vehicle  costs  to  develop  a  recom¬ 
mended  production  and  retirement  sched¬ 
ule.  The  authors  acknowledge  a  major 
limitation  that  “vehicles  treated  as  mutu¬ 
ally  substitutable  for  modeling  purposes 
are  not  equally  capable  in  real  life” 
(Department  of  the  Army,  1990,  p.  6).  In 
other  words,  they  assumed  that  the  M939 
and  M809  series  trucks  were  equally  as 
capable  as  the  FMTV. 

Each  of  these  studies  provides  useful 
information.  However,  they  lacked  an  inte¬ 
grated  data  and  information  sharing  capa¬ 
city  to  update  analysis  for  decision  mak¬ 
ers  over  the  development  of  the  FMTV 
program.  Consider  the  potential  synergy 
of  coordinating,  automating,  integrating, 
and  sharing  data  between  these  studies 
over  the  life  cycle  of  the  program.  It  would 
be  possible  to  maintain  a  course  of  action 
flexibility,  more  easily  adopt  and  institute 
program  changes,  and  quickly  address 
internal  and  external  program  issues. 

Although  we  expect  our  hardware  and 
software  requirements  to  be  relatively 
the  same  as  those  for  conducting  distrib¬ 
uted  analyses,  this  coordination  is  not 
without  cost.  The  data  and  expertise 
required  up  front  to  link  these  analyses 
may  be  substantial,  but  the  benefits  may 
well  be  worth  the  investment.  The  first  step 
required  to  improve  the  current  trade  space 
analysis  method  is  to  develop  a  method¬ 
ology  that  is  designed  to  effectively  evalu¬ 
ate  the  requirements  trade  space  of  a  sys¬ 
tem.  The  methodology  must  flexible  but 


"However,  the 
authors  warned  that 
the  estimated 
savings  are  based 
on  the  doctrinai 
force  structure  and 
net  on  the  existing 
force  structure." 
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robust  enough  to  evaluate  performance  and 
mission  requirements.  Through  the  meth¬ 
odology,  system  stakeholders  will  be  able 
to  fully  realize  the  requirement  trade  space 
interactions  and  determine  the  impact  of 
policy  decisions  on  the  reliability,  main¬ 
tainability,  performance  parameters,  and 
life  cycle  costs  of  a  particular  system. 

Methodology 


The  methodology  presented  seeks  to 
answer  three  primary  questions: 

1 .  What  is  in  the  trade  space? 

2 .  How  do  we  characterize  (quantify  and 
qualify)  the  effects  of  the  trade  space 
elements? 

3.  When  and  how  should  we  make 
decisions? 

The  answers  to  these  questions  are 
gained  through  the  following  steps: 


This  methodology  provides  the  benefits 
of  maintaining  a  broad  trade  space  and 
removing  infeasible  or  less  than  desirable 
solutions.  It  is  unencumbered  by  the  cur¬ 
rent  need  to  immediately  develop  a  course 
of  action  pool.  But  rather  it  allows  for  the 
unfettered  analysis  of  requirements  across 
the  system’s  life  cycle  functions  by  devel¬ 
oping  a  solution 
space  via  trade 
space  analysis. 

The  program 
trade  space  is 
then  used  to 
construct  a  ro¬ 
bust  solution  set 
that  initially  meets  mission  and  perfor¬ 
mance  requirements.  This  is  a  detailed 
continuous  analysis  that  requires  collabo¬ 
ration  among  agencies  and  stakeholders, 
integration  of  M&S  tools  used  in  the 
analysis,  and  product  development.  The 
iterative  steps  are  addressed  in  detail  in 
the  following  sections,  highlighting  the 
benefits  and  integrative  aspect  of  this 
methodology. 


"The  •••  assessment 
of  the  FMTV  program 
is  net  intended  as 
a  critique  of  the 
program's  anaiysis." 


•  Define  the  problem,  identify  stakehold¬ 
ers,  and  construct  the  trade  space. 

•  Determine  essential  trade  space  inter¬ 
actions. 

•  Establish  consistent  decision  criteria 
and  metrics  for  each  trade  space  entity. 

•  Develop  a  trade-off  methodology, 
which  supports  the  making  of  timely 
trade  space  decisions. 

•  Document  decisions,  the  process,  and 
results. 


The  Problem,  Stakeholders, 

AHD  Trade  Space 

The  methodology  starts  by  developing 
the  problem  statement,  conducting  a  stake¬ 
holder  analysis,  and  identifying  the  poten¬ 
tial  trade  space.  For  a  new  system  the  prob¬ 
lem  statement  would  be  derived  from  a 
revolutionary  new  concept  or  technology, 
mission  needs  statement,  operational 
requirements  document,  and  stakeholder 
issues.  This  study  used  the  problem  state¬ 
ment  from  the  1988  FMTV  Joint  Service 
Operational  Requirement  (JSOR). 

This  document  states  that  a  mission  area 
analysis  identified  numerous  “deficiencies 
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in  strategic  and  tactical  deployability, 
tactical  mobility,  ammunition  re-supply, 
general  re-supply,  medical  evacuation,  and 
the  ability  to  support  the  force”  in  the  cur¬ 
rent  fleet  of  medium  tactical  vehicles  (De¬ 
partment  of  the  Army,  1988,  p.  1).  Thus, 
“a  need  exists  within  the  U.S.  Army 
(USA),  U.S.  Marine  Corps  (USMC),  and 
U.S.  Air  Force  (USAF)  for  a  family  of 
current-technology,  medium,  tactical, 
wheeled  vehicles  in  two  payload  catego¬ 
ries,  with  associated  trailers”  to  meet  cur¬ 
rent  and  future  mission  requirements  (De¬ 
partment  of  the  Army,  1988,  p.  1).  The  pri¬ 
mary  purpose  of  developing  the  new  ve¬ 
hicles  was  to  increase  the  mission  avail¬ 
ability  of  the  vehicles  while  decreasing  the 
platform’s  life  cycle  costs.  As  the  FMTV 
JSOR  states. 


The  current  2.5  ton  fleet  is  rap¬ 
idly  becoming  unsupportable  due 
to  age  and  obsolescence.  An  in¬ 
ordinate  number  of  man-hours  are 
expended  yearly  to  maintain  this 
fleet  in  an  operable  condition.  The 
five-ton  fleet  has  been,  and  con¬ 
tinues  to  be,  markedly  short  of 
authorizations  and  contains  many 
aged,  obsolete  vehicles  (Depart¬ 
ment  of  the  Army,  1988,  p.  2). 


Imbedded  in  the  FMTV  JSOR  are  the 
stakeholder  issues.  Flowever,  these  issues 
and  concerns  are  not  easily  identified.  Thus, 
they  were  not  appropriately  analyzed  to 
determine  their  true  significance  to  the 
FMTV  program.  The  analytic,  acquisition, 
and  operational  communities  must  recog¬ 
nize  that  systems  interact  with  many  other 
systems  in  performing  their  missions. 
Consequently,  our  analysis  must  be  plan¬ 
ned  and  coordinated  across  functional 


areas  to  ensure  that  a  system  is  integrated 
within  force  and  operational  structures. 

The  FMTV  does  not  operate  indepen¬ 
dently  on  the  battlefield.  It  is  not  the  only 
vehicle  or  system  that  can  perform  this 
transportation  function  but  rather  is  part 
of  the  family  of  logistics  transportation 
systems  that  include  other  tactical  and 
commercial  vehicles,  aircraft,  watercraft, 
and  trains.  The  amount  of  materials  trans¬ 
ported  by  the  FMTV  also  depends  on  the 
number  of  logistical  requirements  gener¬ 
ated  by  all  systems  in  the  theater,  includ¬ 
ing  those  requirements  generated  by  the 
FMTV.  This  system-to-system  interaction 
extends  to  tactical,  strategic,  and  opera¬ 
tional  transportation  requirement  demands 
the  FMTV  is  capable  of  transporting  as 
well  as  those  it  is  not  capable  of  carrying. 

Another  transportation  system  interac¬ 
tion  is  FMTV  loading  and  unloading 
resources.  For  example,  without  sulficient 
loading  and  unloading  resources,  the  ve¬ 
hicle  cannot  function  at  its  capacity.  A 
complete  and  thorough  stakeholder  analy¬ 
sis  provides  a  means  to  validate  the  prob¬ 
lem  statement  and  identify  the  effective 
need  the  system  must  solve  within  the 
overall  transportation  system.  Likewise, 
the  stakeholder  analysis  begins  the  identi¬ 
fication  of  the  important  trade  space 
interactions. 

The  next  step  in  addressing  this  prob¬ 
lem  is  to  identify  the  trade  space.  As  pre¬ 
viously  mentioned,  this  also  would  be  one 
of  the  products  of  the  stakeholder  analy¬ 
sis.  The  trade  space  would  further  be  de¬ 
fined  through  other  exploratory  means, 
such  as  workshops,  M&S,  and  document 
reviews.  A  depiction  of  the  FMTV  trade 
space  (Figure  1)  was  developed  by  con¬ 
sulting  the  major  program  stakeholders 
and  analyzing  FMTV  program  documents 
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Figure  1.  Family  of  Medium  Tactical  Vehicles  Trade  Space 


such  as  the  JSOR,  the  system  specification, 
the  test  and  evaluation  master  plan,  and 
the  integrated  logistics  support  plan.  Docu¬ 
ments  from  the  Bradley  Fighting  Vehicle 
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(Department  of  the  Army,  2000)  and  the 
Crusader  programs  were  analyzed,  as  well 
(Department  of  the  Army,  1999). 
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The  analysis  from  these  disparate  pro¬ 
grams  verified  general  items  contained  in 
a  vehicle’s  trade  space  and  provided 
insight  into  the  interactions  between  the 
FMTV  and  these  programs. 

Trade  Space  Interactions 

Having  defined  the  trade  space,  it  is  then 
important  to  qualitatively  and,  if  possible, 
quantitatively  describe  the  interactions 
between  the  trade  space  entities.  These 
interactions  highlight  stakeholders  that  are 
impacted  by  decisions  for  each  of  the  trade 
space  entities  and  identify  the  critical 
interactions  that  will  require  data  collec¬ 
tion,  modeling,  or  simulation  to  under¬ 
stand  the  relationship.  This  process  can 
also  reduce  the  problem  complexity  using 
known  relationships,  constraints,  and 
thresholds.  To  illustrate  this  concept  a 
simple  example  is  presented  that  analyzes 
the  width  requirements  for  the  FMTV. 

The  width  dimension  is  a  critical  vari¬ 
able  in  determining  the  transportability  of 


the  vehicle,  its  cargo  capacity,  and  its  side 
slope  operation.  However,  cargo  capacity, 
transportability,  and  side  slope  can  be  con¬ 
flicting  entities  in  the  FMTV  trade  space. 
The  transportability  of  the  vehicle  will 
generally  improve  if  we  reduce  its  width. 
However,  a  reduction  in  width  reduces  the 
cargo  capacity  and  side  slope  operation. 
By  examining  the  interaction  between  the 
width  of  a  vehicle  and  the  resources  that 
can  transport  the  vehicle,  we  can  deter¬ 
mine  the  constraints  and  thresholds  asso¬ 
ciated  with  this  interaction.  Simply  put, 
the  maximum  exterior  width  possible  for 
each  transport  system  was  obtained  using 
the  requirements  from  the  Interface 
Standard  for  Transportability  Criteria 
(Department  of  Defense,  1998). 

Through  inspection  it  was  determined 
that  the  critical  thresholds,  the  value  of  a 
change  in  the  width,  are  best  represented 
as  a  step  function.  These  thresholds  occur 
when  we  gain  flexibility  by  being  able  to 
transport  the  vehicle  on  a  new  system.  We 


Vehicle  Width  (feet) 

Figure  2.  Inleraclien  Analysis:  Determining  the  Vehicle's  Width 
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also  expect  that  between  thresholds  there 
is  still  some  value  in  a  decrease  in  the 
width  of  the  vehicle.  For  example,  this 
decrease  results  in  more  free  space  be¬ 
tween  the  vehicle  and  the  side  of  an  air¬ 
craft,  making  it  easier  and  faster  to  load 
the  vehicle. 

Figure  2  presents  a  description  of  the 
transport  utility  of  the  FMTV  as  we  change 
its  width.  After  analyzing  this  interaction, 
we  then  do  the  same  for  the  other  first  or¬ 
der  interactions.  Changing  the  width  pro¬ 
portionally  changes  the  cargo  capacity. 
However,  again  there  are  thresholds  where 
the  value  of  the  change  is  a  step  function. 
Figure  2  also  presents  a  notional  descrip¬ 
tion  of  this  analysis  and  examples  of  some 
potential  thresholds.  The  side  slope  capa¬ 
bility  of  a  vehicle  depends  not  only  on  its 
width  but  also  on  factors  such  as  its  center 
of  gravity.  With  more  technical  knowledge 
of  the  vehicle,  we  note  a  direct  relation¬ 
ship  between  the  vehicle’s  width  and  its 
side  slope  operation.  It  is  important  to  note 
that  initially  these  utility  functions  may 
only  be  qualitative  descriptors  instead  of 
quantitative  representations.  However, 
quantitative  measures  using  optimization 
tools  and  methods  could  be  employed  in 
this  analysis.  Also,  the  results  from  this 
early  system  analysis  can  be  integrated 
into  future  requirements  analysis,  such  as 
COEA,  time-phased  force  deployment, 
and  decision  analyses. 

Decision  Criteria  and  Metrics 

The  analysis  plan  exists  to  provide 
timely  information  to  decision  makers  in 
a  resource  constrained  environment.  Some 
decisions  will  be  rather  simple  and  can  be 
made  objectively  without  extensive  quan¬ 
titative  analysis.  Other  decisions  may  im¬ 
pact  many  trade  space  entities  and  require 


extensive  M&S.  Therefore,  consistent  and 
reliable  measures  and  metrics  must  be  es¬ 
tablished  for  the  FMTV  system  develop¬ 
ment.  As  an  example,  we  determined  that 
the  new  tactical  truck  must  meet  NATO 
highway  standards.  Likewise,  the  FMTV 
must  have  the  cargo  capacity  to  handle  the 
standard  463L  pallet.  This  pallet  is  the 
standard  Department  of  Defense  equip¬ 
ment  transportation  pallet  and  is  an  inte¬ 
gral  part  of  our 
cargo-handling 
system.  The  new 
truck  must  be 
able  to  transport 
these  pallets. 

The  NATO  high¬ 
way  standards 
limit  the  exte¬ 
rior  width  of  the 
vehicle  to  96  inches,  and  the  463L  pallet 
width  forces  the  truck’s  cargo  area  width 
to  be  at  least  88  inches.  This  leaves  8 
inches  to  optimize  the  width  of  the  cargo 
bed  while  considering  whether  to  use  side 
panels  when  transporting  463L  pallets,  and 
if  reducing  the  exterior  width  from  96 
inches  will  make  air  transport  loading 
easier.  The  463L  pallet  decision  criteria 
forces  the  exclusion  of  the  C-27  as  an  air 
transport  option.  Therefore,  we  can  adjust 
the  utility  functions  for  the  vehicle’s 
weight,  length,  and  height  to  reflect  that 
the  C-27  thresholds  for  these  measure¬ 
ments  provide  no  value.  This  decision 
greatly  affects  the  trade  space  analysis  and 
resultant  solution  set.  We  could  have  mod¬ 
eled,  simulated,  or  measured  the  impact 
of  not  meeting  NATO  highway  standards, 
not  being  able  to  transport  463L  pallets, 
and  being  able  to  transport  this  vehicle  by 
a  C-27.  Instead,  we  made  an  objective 
decision  based  on  general  knowledge  of 


"The  analysis  plan 
exists  to  provide 
timely  information 
to  decision  makers 
in  a  resource 
constrained 
environment." 
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the  importance,  frequency,  and  impacts  of 
each  of  these  thresholds. 

Another  decision  criteria  and  metric 
interaction  takes  place  among  the  vehicle’s 
movement  terrain  classification,  the  test¬ 
ing  plan,  and  the  design  priorities.  Most 
of  the  variants  of  the  FMTV  require  a  clas¬ 
sification  of  tactical  standard  mohility  that 
estimates  the  vehicle  will  operate  20  per¬ 
cent  on  primary  roads,  50  percent  on  sec¬ 
ondary  roads,  15  percent  on  cross-country 
roads,  and  15  percent  on  trails.  Obviously, 
the  profile  of  the  testing  plan  should  he 
similar,  if  not  identical,  to  this  movement 
terrain  profile.  The  design  priorities  should 
also  support  this  profile.  One  way  to  verify 
the  design  priorities  is  to  consider  the  im¬ 
pact  of  this  movement  terrain  profile  from 
a  user’s  perspective.  Given  a  particular 
profile,  a  user  wants  to  he  able  to  com¬ 
plete  missions  over  that  profile  in  the  least 
amount  of  time  possible.  The  amount  of 
time  required  to  complete  a  mission  can 
be  represented  by  the  following  function: 

%  primary  %  sec. 

Time  -  - ^ - 1 - - -  -I- 

speed  primary  speed  sec. 

%  xcntry  %  trail 

speed  xcntry  speed  trail 

If  we  want  to  minimize  the  time  re¬ 
quired,  we  take  the  gradient  of  the  time 
function.  This  highlights  the  performance 
areas  that  should  be  emphasized  during  the 
design  process.  For  example,  let  us  assume 
that  the  vehicle  is  capable  of  going  55  mph 
on  primary  roads,  45  mph  on  secondary 
roads,  15  mph  cross-country,  and  25  mph 
on  trails.  If  we  evaluate  the  gradient  func¬ 
tion  with  these  capabilities  and  the  move¬ 
ment  terrain  percentages,  we  obtain  the 
following  normalized  vector: 


-  V  time  =  (0.088,  0.328,  0.885,  0.319) 

This  gradient  evaluation  indicates  that 
the  primary  emphasis  of  our  design  efforts 
should  be  to  improve  the  cross-country 
mobility  of  the  vehicle,  that  we  obtain 
some  value  by  improving  its  performance 
on  secondary  roads  and  trails,  and  that  we 
obtain  very  little  value  by  improving  its 
primary  road  performance.  To  emphasize 
how  important  it  is  to  have  good  move¬ 
ment  terrain  profile  information,  let  us 
contrast  these  results  with  those  obtained 
if  the  vehicle  requires  a  tactical  support 
mobility  profile  consisting  of  30%  on  pri¬ 
mary  roads,  55%  on  secondary  roads,  5% 
on  cross-country  roads,  and  10%  on  trails. 
If  we  evaluate  the  gradient  using  this  pro¬ 
file  and  the  vehicle  capabilities  used  in  the 
tactical  standard  example,  we  obtain  the 
following  normalized  vector: 

-  V  time  =  (0.249,  0.682,  0.558,  0.402) 

For  this  profile  we  gain  the  most  ben¬ 
efit  by  increasing  the  performance  on  sec¬ 
ondary  roads.  But,  we  also  get  value  by 
improving  the  performance  in  each  of  the 
other  three  terrain  categories.  It  is  impor¬ 
tant  that  we  emphasize  a  few  points.  The 
differences  in  the  gradient  vectors  obtained 
from  the  two  terrain  profiles  illustrate  the 
importance  of  having  good  movement 
terrain  profile  information.  Also,  this 
analysis  considered  only  the  interaction 
between  the  vehicle  performance  and  the 
time  it  takes  to  complete  missions  over  a 
specific  terrain  profile.  This  analysis  must 
be  combined  with  analyses  for  other  per¬ 
formance  trade  space  interactions.  For 
example,  although  the  time  gradient  for 
the  tactical  standard  profile  indicated  that 
the  primary  emphasis  should  be  on  the 
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vehicle’s  cross-country  performance,  it 
may  be  much  more  expensive  to  improve 
in  this  area  when  compared  to  the  other 
terrain  categories. 

A  final  example  regards  the  parts  com¬ 
monality  among  FMTV  variants.  Ideally, 
we  do  not  want  to  maximize  the  common¬ 
ality  of  a  system  but  instead  maximize  the 
benefits  of  the  system  and  minimize  the 
costs  through  repair  parts  commonality. 
The  potential  benefits  of  commonality 
include  reduced  costs  associated  with  pur¬ 
chasing  and  stocking  repair  parts,  reduced 
training  on  different  variants  for  mechan¬ 
ics,  and  reduced  costs  associated  with 
developing  and  producing  maintenance 
manuals.  These  are  all  monetary  cost 
benefits. 

However,  the  ability  to  achieve  the 
monetary  benefits  of  commonality  is  off¬ 
set  by  other  systems.  For  instance,  these 
monetary  costs  are  impacted  by  the  reli¬ 
ability  of  each  subsystem  or  component; 
the  supply  system  and  its  associated  costs 
of  purchasing,  stocking,  and  replacing 
these  subsystems  and  components;  the 
production  system  for  the  vehicle;  and  the 
fielding  plan  (system)  for  the  vehicle. 
Ultimately,  any  benefits  gained  through 
commonality  may  be  lost  due  to  monetary 
cost  increases  in  other  systems  in  the 
FMTV’s  life  cycle. 

Parts  that  are  readily  available  on  the 
commercial  market,  have  a  high  reliabil¬ 
ity,  or  are  not  mission  critical  (and  hence 
may  not  be  important  to  stock  in  large 
quantities)  could  also  dilute  the  anticipated 
monetary  benefits  of  commonality.  We 
also  will  not  achieve  many  benefits  unless 
the  vehicles  are  produced  and  fielded  in  a 
manner  requiring  commonality.  Again  the 
interplay  of  system-to-system  interaction 
is  a  critical  aspect  to  effective  analysis  of 


the  FMTV  program.  Trade  space  analysis 
of  these  critical  systems  would  help  deci¬ 
sion  makers  understand  whether  common¬ 
ality  would  truly  yield  substantive  cost 
savings  to  warrant  its  inclusion  in  the 
FMTV  program.  The  benefits  associated 
with  solving  this  complex  problem  justify 
an  extensive  M&S  effort  to  answer  this 
critical  question  for  this  program. 

Timely  Decisions 

In  a  perfect  world,  all  of  our  decisions 
would  be  as  easy  as  the  process  we  used 
to  narrow  the  range  of  values  for  the  width 
of  the  vehicle.  In  reality,  as  we  analyze 
the  trade  space  interactions  and  determine 
the  decision  criteria,  we  are  constructing 
what  can  be  re¬ 
ferred  to  as  a 
core  methodol¬ 
ogy  for  the  sys¬ 
tem.  This  is  a 
representation 
of  “all  logical 
and  physical  re¬ 
lations  between 
variables  representing  the  decision  prob¬ 
lem  being  examined.  It  defines  a  set  of 
feasible  solutions  but  does  not  contain  any 
preferential  structure”  (Granat  &  Makow- 
ski,  1999,  p.  2).  Decision  makers  provide 
this  preferential  structure  by  defining  the 
importance  of  the  trade  space  elements. 
The  sheer  complexity  of  most  problems 
will  not  permit  a  brute  force  check  of  all 
possible  combinations  and  degrees  of  im¬ 
portance  of  the  trade  space  elements.  The 
challenge  is  identifying,  refining,  and  ana¬ 
lyzing  the  critical  set  of  trade  space  ele¬ 
ments  from  which  to  select  a  robust  solu¬ 
tion.  This  is  predicated  on  timely  decisions 
on  performance  and  mission  criteria  and 
metrics.  It  also  requires  clearly  designated 


"...the  ability 
to  achieve  the 
monetary  benefits 
of  commonality 
is  offset  by 
other  systems." 
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decision  makers,  determining  the  times  to 
make  decisions,  and  establishing  methods 
to  help  make  the  decisions. 

If  we  are  conducting  analysis  across  the 
domains  then  we  are  also  impacting  deci¬ 
sions  across  the  same  domains.  This  does 
not  necessarily  change  the  methods  and 
tools  used  to  manage  a  program.  It  just 
makes  their  integration  more  critical.  The 
collaborative  environment  increases  the 
number  of  stakeholders  contributing  their 
concerns  but  does  not  increase  the  num¬ 
ber  of  decision 
makers.  In¬ 
stead,  the  pro¬ 
gram’s  deci¬ 
sion  makers 
have  more  in¬ 
formation  from 
more  sources 
to  make  their 
decisions.  This  collaborative  program 
environment  must  also  have  a  structured 
decision  timeline.  Traditional  management 
tools  such  as  the  program  evaluation  and 
review  technique,  the  critical  path  method, 
or  engineering  management  software  are 
sufficient  to  establish  most  of  the  decision 
times  in  a  program.  The  key  difference  is 
that  the  analysis  management  plan  is  a 
critical  portion  of  the  program  and  must 
be  outlined,  detailed,  and  integrated  into 
the  program  timeline.  Within  the  analysis 
management  plan  the  many  analysis 
methods  and  tools  used  must  be  linked. 

The  coordination  and  integration  of 
analysis  tools,  techniques,  methods,  and 
processes  refines  the  system’s  trade  space 
and  helps  to  facilitate  timely  decisions. 
However,  this  is  a  challenging  endeavor. 
The  system’s  trade  space  entities  will  be 
represented  in  various  forms  to  include 
database  entries;  mathematical  models; 


linear  programs;  simulations;  nonlinear 
programs;  discrete  event  simulations;  re¬ 
ports;  and  rule-based  decision  trees.  Solv¬ 
ing  each  of  these  individual  representa¬ 
tions  is  relatively  easy.  The  challenge  that 
our  methodology  accomplishes  is  solving 
these  representations  simultaneously  or  it¬ 
eratively.  The  tools  used  will  depend  on 
the  time,  resources,  and  expertise  avail¬ 
able  to  the  program.  One  approach  is  to 
use  concurrent  engineering  and  multi¬ 
disciplinary  design  optimization  (MDO). 
Hulme,  Bloebaum,  and  Nozaki  state  that 
in  the  MDO  approach  we  “divide  a  single 
large  task  into  a  grouping  of  smaller,  in¬ 
terrelated  (coupled),  and  more  manageable 
sub-tasks”  (Hulme,  Bloebaum  &  Nozaki, 
1999,  p.  1).  Other  possible  methods  are  to 
use  hierarchical  optimization  techniques, 
gradient  based  techniques,  or  greedy  al¬ 
gorithms.  Hierarchical  methods  assign  an 
ordinal  value  to  each  objective  and  sequen¬ 
tially  optimize  each  objective  according 
to  its  priority.  Gradient  methods  and 
greedy  algorithms  seek  improvements  by 
going  in  the  direction  that  yields  the  best 
local  solution.  These  three  methods  can 
reduce  the  complexity  of  the  problem  but 
produce  local  optima  solutions. 

Document  Process  and  Results 

Establishing  a  completely  collaborative 
environment  will  not  eliminate  changes  to 
a  program  and  threats  to  its  existence. 
Budget  cuts,  doctrinal  changes,  organiza¬ 
tional  redesigns,  other  materiel  develop¬ 
ments,  and  technology  improvements  are 
expected.  Thus,  there  is  a  need  to  estab¬ 
lish  methods  to  track  versions  of  the  core 
methodology,  periodically  revalidate 
assumptions,  and  document  major  deci¬ 
sions  that  resulted  in  the  trade  space  re¬ 
finement.  Equally  important  is  the  ability 


"If  we  are  conduct¬ 
ing  analysis  across 
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ing  decisions  across 
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to  disseminate  critical  information  and 
obtain  feedback  from  stakeholders 
throughout  the  process.  These  steps  will 
minimize  delays  in  the  program,  reduce 
duplication  of  analysis,  and  utilize  M&S 
in  the  requirements  phase  of  the  program 
life  cycle.  Ultimately,  through  effective 
trade  space  analysis,  system  requirements 
will  drive  the  set  of  feasible  materiel  so¬ 
lutions.  This  is  a  fundamental  change  from 
evaluating  given  options  to  determine 
whether  they  can  meet  performance  and 
mission  requirements. 

Summary 


The  methodology  presented  to  imple¬ 
ment  the  SBA  initiative  represents  a  fun¬ 
damental  change  in  the  way  we  conduct 
program  analysis.  The  early  use  of  M&S 
allows  program  managers  to  fully  analyze 
their  trade  space  and  make  decisions  based 
on  analytic  rigor.  Also,  this  methodology 
yields  a  solution  space,  in  which  all 
solutions  meet  mission  and  performance 


standards.  Decisions  made  early  on  lock 
the  program  within  a  specific  range  of 
options,  but  do  not  dictate  a  certain  solu¬ 
tion.  If  the  developed  solution  space  is  not 
adequate,  decisions  can  be  reviewed  and 
the  analysis  reworked  to  develop  a  new 
solution  space. 

Also,  the  methodology  integrates  sys¬ 
tem  requirements,  system-to-system  inter¬ 
actions,  and  program  life  cycle  functions. 
The  front-loaded  analysis  effort  can  be 
expensive  in  terms  of  dollars,  time,  data, 
and  expertise.  However,  the  potential  ben¬ 
efits  associated  with  this  initiative  are 
significant.  As  more  programs  adopt  this 
methodology  or  similar  methodologies, 
new  programs  can  reuse  and  mirror  pre¬ 
vious  efforts  to  reduce  their  analysis  costs. 
The  methodology  will  integrate  the  acqui¬ 
sition,  analysis,  and  operational  commu¬ 
nities  to  produce  systems  that  function 
within  current  and  future  force  structures, 
operational  environments,  and  our  changing 
culture. 
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